We consider the phase transition in a ferromagnet with line defects that introduce a local variation of the critical temperature V (r) / r ?
I. INTRODUCTION
There have been many investigations of the thermodynamic properties of crystals with quenched defects of the random temperature type near a second order phase transition point. 1 These defects can be described by an additional term H def = X k V d (r ? r k ) (r k ) j'(r)j 2 V (r)j'(r)j 2 (1) in the Hamiltonian density. Here V d (r ? r k ) is a single defect potential, the (r k ) are indicator functions with the value 1 if there is a defect at r k and 0 otherwise; the sum extends over all lattice sites r k . The random potential V (r) couples to j'(r)j 2 = P m i=1 ' i (r) 2 with the m{component order parameter f' 1 : : : ' m g; i.e. it describes a local variation of the transition temperature.
Several di erent types of statistics for the random potential V (r) have been considered. Most investigations have been limited to the case of weak disorder where the properties of V (r) can be characterized by the pair correlation function g(r) = hV (0)V (r)i, and usually a short range (SR) type of correlations for g(r) has been assumed.
More generally, the Fourier transform g(q) is given by g(q) = W(q) jV d (q)j 2 ; (2) where V d (q) is the Fourier transform of the single defect potential. The Fourier transform W(q) of W(r) = h (0) (r)i describes correlations in the distribution of the defects. There are two possible reasons for a nontrivial, long range (LR) correlated form of g(r): a nontrivial W(q), describing non{randomly distributed defects (which may be pointlike), or an extended single defect potential. In the latter case (where the defects may be randomly distributed) modi cations of the local critical behavior due to the defects are of interest in addition to possible changes in the global critical behavior as predicted by the Harris criterion. 2 Nontrivial forms of V d (r) can be due to defects with an extended \core", like dislocations as opposed to point defects. On the other hand a LR extension of the local variation of the critical temperature due to a single defect can lead to power laws like V d (r ? r k ) / jr ? r k j ? for isotropic defects or (3) V d (r ? r k ) / j(r ? r k ) ? j ? for dislocations; (4) where (r ? r k ) ? is the perpendicular through r on a dislocation line at r k . Power laws like these are characteristic for topological defects: for example, 3 edge dislocations induce a stress eld described by (4) with = 1, vortices in superconductors or dislocation dipoles lead to = 2.
The global critical behavior of systems with a small concentration of extended quenched defects can be studied within the framework of the Renormalization Group (RG). A model with point defects and line dislocations in three mutually perpendicular directions was studied in Ref. 4 for spatial dimension d = 3. Anisotropic systems with parallel linear defects were investigated in Refs. 4{6, similar defects in systems with cubic anisotropy in Ref. 7 . In all these cases the phase transition was found to remain a sharp second order transition, and the corresponding critical exponents were calculated. However, the LR correlation was due to the extended core of the dislocations only, with no tails like (4) being taken into account.
Another system with LR{correlated quenched disorder was considered by Weinrib and Halperin. 8 The isotropic Weinrib{Halperin (WH) model is characterized by a pair correlation function with asymptotics g(r) / r ?a (5) for large values of r. Using a double RG expansion with the small parameters " = 4 ? d and = 4 ? a WH discovered a new xed point of the RG equations to lowest order in " and .
This xed point is stable if a < d and a < 2= SR (6) where SR is the correlation length exponent of the corresponding problem with SR{ correlated defects (the correlation length characterizes the decay of the order parameter correlation function, G(r) = h'(0)'(r)i / exp(?r= ); it diverges as jT ? T c j ? as the critical temperature T c is approached). This result is in agreement with the Harris criterion 2 which was generalized to the case of LR{correlated defects with (5) in Ref. 8 . This generalization of Harris' treatment could even be used to predict the equality WH = 2=a (7) for the correlation length exponent at the LR xed point. Later this relationship was shown to hold at least to all orders of the perturbation theory in " = 4 ? d if " 1. 9 Although the WH treatment was based on the the abstract assumption of a pair correlator (5), recently several examples of disordered systems with similar power law LR correlations in space and time have been discussed in di erent physical contexts. 10;11 In Ref. 12 the phase transition in a crystal with randomly distributed quenched point defects with degenerate internal degrees of freedom was investigated: under certain circumstances this model is an anisotropic version of the WH model (5) . The coordinates of the stable xed point, the Fisher index and the dynamical critical index z have been calculated in the " = 4 ? d expansion; in addition the relation (7) was shown to hold in all orders of perturbation theory in~ = 2 ? d for the two dimensional Ising version of the model. 13 The RG treatment of quenched defect systems is based on the replica trick 14 which leads to a translationally invariant e ective Hamiltonian. Therefore the RG necessarily describes a phase transition at a nite critical temperature T c into a homogeneous phase. This ignores the possibility of a defect induced change in the local critical behavior. This possibility has been considered in Ref. 15 , where a criterion for the relevance of defects with a " d {dimensional \core" for the local critical behavior was given as d ? " d ? 1= p < 0 (8) with the correlation length exponent p of the pure, undisturbed system. Here " d = 0 corresponds to point defects, " d = 1 describes line defects like dislocations. If this inequality is satis ed, a change of the local critical behavior due to the defects can be expected. A similar local relevance criterion for defects with a \tail" of the form (3) or (4) is given in Ref. 16 as ? 1= p < 0: (9) Special attention has been devoted to the situation where one or both of these local relevance criteria are marginally satis ed. In this case various di erent types of nonuniversal local critical behavior have been discovered, in particular for systems with speci c geometries like cones or wedges. For two dimensional lattice models a number of exact results have been obtained. Results for this marginal case are reviewed in the excellent review in Ref. 17 .
Modi cations of the local critical behavior due to particular defect types have been investigated within the framework of the Landau{Ginzburg theory. For example, Dubrovskii and Krivoglaz 18 have studied the phase transition in a compressible medium with edge dislocations. For di erent values of the defect concentration and the parameters in the Landau expansion of the free energy they demonstrated the possibility of two di erent types of percolative phase transitions: one that had been described for a continuous version of the Ising model with Gaussian distributed, large scale inhomogeneities of the exchange constant 19 , or a special transition into an inhomogeneous phase with a percolating network of ordered regions in the vicinity of the dislocations. This is an example of how extended quenched defects can lead to more complicated changes in the critical behavior than just the homogeneous phase transition with modi ed critical exponents described by the RG.
In this paper we will sketch a comprehensive picture of phase transitions in crystals with defects described by (3) or (4) that lead to a defect pair correlator (5) with a = 2 ? d. We will take into account the possibility of a homogeneous phase transition driven by thermal uctuations as described by the RG as well as that of a transition into an inhomogeneous phase with a percolating network of ordered regions. For the parameter a we will derive critical values a + from the global Harris criterion and a ? from the local relevance criteria (8) and (9) . For a > a + the LR correlations of the disorder will turn out to be irrelevant, and the critical behavior of a SR{correlated system is recovered. For a + > a > a ? the disorder will be relevant only for the global critical behavior, so that the conventional RG treatment will apply and results like (7) can be generalized to line defects described by (4).
For a < a ? relevant changes of the local critical behavior can be expected, too, if the defect strength is su cient to allow the creation of localized ordered regions. This will either lead to a percolative phase transition that can be treated within the Landau{Ginzburg theory or to a transition which may require the application of eld theoretical methods for a system with a nontrivial, temperature dependent ground state (see the discussion in sec. IV).
We begin with a description of this possible percolative transition in sec. II. In sec. III we present the standard RG treatment of the model (4), and in sec. IV the relations between the two pictures are discussed.
II. PERCOLATIVE PHASE TRANSITION
In this section we will investigate the possible appearance of ordered regions near isolated defects at a temperature T > T G outside of the critical region T < T G determined by the Ginzburg criterion. While T > T G we can base our considerations on the Landau expansion of the free energy for a crystal with defects.
For simplicity we will start with the case of an isotropic single defect potential as given in (3) and a scalar order parameter '. Then the Landau expansion of the free energy can be written as
is the standard Landau expansion of the free energy for a homogeneous system undergoing a second order phase transition, with positive parameters A; B and C. As soon as the reduced energy = (T ? T c )=T c becomes negative, the free energy F 0 is minimized by a nonzero order parameter '(r) (?B =C) 1=2 . Defects with a single defect potential (3) introduce a local variation of the reduced temperature, i. e. of the coe cient of the quadratic term in the free energy, via F d = ?BD ' 2 X k (r k ) jr ? r k j ? : (12) Here the (r k ) are indicator functions with the value 1 if there is a defect at r k and 0 otherwise; the sum extends over all lattice sites r k . The parameter D = d a d may be read to characterize the defects with a defect \strength" d and defect \size" a d . If D is positive the reduced temperature is lowered locally. In regions with a negative reduced temperature (r) = + (r) = ? D X k (r k ) jr ? r k j ? (13) the free energy F may be minimized by nonzero order parameter con gurations '(r). They can be found by varying the free energy (10) with respect to '. This leads to a Ginzburg{ Landau equation for the order parameter:
According to branching theory 20 the temperature at which nontrivial solutions of this equation rst appear can be determined by looking for a non{zero solution of the linearized form of (14) If the characteristic scale R of such nuclei is much smaller than the average distance r i between defects the shape of a nucleus near a defect at r k at = can be determined within an independent defect approximation of (15),
with r = jr?r k j. The solutions of this equation are well known from quantum mechanics. 21 For < 2 there are localized solutions for a discrete spectrum of negative energies E 0 E n < 0; for > 2 the particle \falls into the center", so no extended solutions of (16) exist. In the marginal case = 2 \nonuniversal" behavior occurs: a critical value D c separates the case D > D c , where extended solutions exist for energies E 0 E < 0, and the case D < D c where we recover the \fall to the center". In the case < 2 the parameter dependence of solutions of (16) can be analyzed as follows. We introduce new variables r = br and = (b 2 =Ã)~ . Choosing b = (Ã=D) 1=(2? ) we nd for arbitrary eigenvalues n :
where the factors n depend on only. From this we can derive an expression for the characteristic scale of a nucleus at the nucleation temperature = 0 :
For < the solution of the nonlinear equation (14) near an isolated defect can be represented as a series expansion in eigenfunctions ' n (r) of (16) . Substituting this series into (10) and minimizing the free energy in the independent defect approximation we obtain the following expression for the order parameter near the defect:
where c is a constant and the temperature T corresponds to the second{lowest energy level E 1 for (16). The relations (17 { 19) appear for anisotropic extended defects like (4), as well. For example, a at surface at z = 0 inducing a deviation (z) = ?D=z of the exchange constant from the bulk value can play the role of such a defect. 22 Let us now consider the character of the global phase transition in the whole sample. At = the characteristic scale of nuclei of the new phase is given in (18) as R (Ã= o ) 1=2 , where is the thermal correlation length. For reduced temperatures G < and if the local relevance criterion (9) holds, i.e. if < 2, thermal uctuations will occur on a scale much smaller than the nuclei. So we can write the order parameter as a sum of its mean eld value and uctations, '(r) = ' MF (r) +'(r). The mean eld contribution ' MF (r) is given by Hf'g= 'j '=' MF = 0, which leads to (14) . At some p > 0 a solution of (15), the linearized version of (14), will appear that permeates through the whole sample. 23 This will require a considerable volume fraction of the sample to have (r) < 0, so p will be of the same order of magnitude as a \typical" value of ; for defects with (13) this estimate yields p D r ? i = D n =3 , where r i is the average distance between defects and n is the defect concentration. If p > G the in uence of thermal uctuations (second term in (20b)) is negligibly small. In this case a percolative phase transition occurs. Thermodynamical quantities will show singularities as functions of ( ? p ), with critical exponents characteristic for the respective type of percolation. 24 So the appearance of an additional (\geometric") length scale R ( ) that grows with decreasing leads to a phase transition into a strongly inhomogeneous phase. If p < G the local relevance criterion (9) is < 1= with = ( p ), where ( ) is the critical exponent at the temperature considered (see the discussion at the beginning of sec. IV); if this holds inside the critical region a similar percolative transition should be expected as the corresponding geometrical length scale remains larger than the thermal correlation length. If (9) is violated inside the critical region we can return to a standard eld theoretic treatment of the systems' critical behavior using the replica trick. The defect pair correlation function is g(r) / r ?a with a = 2 ?d, and the thermal correlation length is the only relevant length scale. This situation is considered in the next section.
III. CONVENTIONAL PHASE TRANSITION
In this section we will present the most important results of a Renormalization Group (RG) treatment of the phase transition and of an appropriate generalization of the Harris criterion. We use standard techniques, 25 so we will only present major steps of the analysis, focusing on new results and omitting details of the straightforward, but rather lengthy and cumbersome calculations. Limitations of these standard techniques, e.g. a possible breaking of the replica symmetry, will be discussed in sec. IV.
A. Generalized Harris Criterion
The Harris criterion provides a prediction whether a small concentration of a certain defect type can be expected to induce qualitative changes in the critical behavior of a sample. It gives an inequality involving the critical exponents of the undisturbed system. This inequality indicates whether a consistent picture of the phase transition (with the critical indices of the undisturbed system) can be maintained even in the presence of the defects. Although it is based on purely heuristic arguments, explicit RG calculations have shown that new stable xed points describing a qualitative in uence of defects arise exactly at those parameter values where the Harris criterion is just marginally ful lled (see the discussions in sec. III B).
In his original paper 2 Harris derived the criterion > 0 (where is the critical index for the speci c heat) for the relevance of uncorrelated point defects. Based on the same phenomenological argument and on scaling considerations this criterion has been generalized to include defects like line dislocations 26 or LR correlated point defects. 8 All these predictions have been con rmed in RG calculations. 1;8;12;26 Parallel dislocations induce an elastic stress eld 3 / sin =r ? , where r ? = j(r ? r k ) ? j and is the angle between (r ? r k ) ? (the perpendicular of r on the axis of a dislocation at r k ) and the Burgers vector of the dislocation at r k . This stress eld may couple to the local critical temperature and play the role of a random potential 18 (just as for real dislocations) and thus avoids formal divergencies in the average change of T c . In sec. III C we will take into account another e ect of this angular dependence, namely the reduced lattice symmetry in the vicinity of a line dislocation. The anisotropy introduced by the presence of (parallel) line dislocations requires di erentiating between the spatial direction(s) parallel to the dislocation axis (indicated by the index k) and perpendicular to this axis (?). We will also nd di erent values for some critical indices that depend on these directions; e. g. k and ? for the length scale of correlations k parallel and ? perpendicular to the dislocation lines diverge as 5;6 k / ? k and ? / ? ? .
The similarity of the correlator (21) with the isotropic one considered in Ref. 8 allows us to adapt the derivation of the Harris criterion as presented there to our problem. If the phase transition remains essentially unchanged by the presence of defects, we can determine the transition temperature in a region of correlated spins, i. e. in a volume d with the thermal correlation length , as the average of (r) over this region,
These mean values will vary from one correlated volume d to another. One can only speak consistently of a phase transition in the whole sample at a precise transition temperature if these variations become negligibly small as the transition temperature is approached. 
This will go to zero, i. e. the variance will become negligible, for ! 0, if the exponent of is positive; if it is negative, however, the variance goes to zero more slowly than itself, and the mean value becomes meaningless, making the whole description inconsistent. This is a strong indication that the defects qualitatively change the transition, and it leads to the generalized Harris criterion for the relevance of extended dislocations for the global critical behavior: 8 show that the longer{range defects with a will asymptotically dominate the critical behavior of the system. Let us now introduce the two defect types into the system one after the other, beginning with those with a 0 . They will change the critical exponent to a value ? (a 0 ). For the disturbed system with ? (a 0 ) adding more defects of the same type will change nothing, so the Harris criterion (25b) will not hold for a 0 and ? (a 0 ), and a 0 ? (a 0 ) ? 2 0:
On the other hand, introducing defects with a < a 0 will change the critical behaviour, so (25b) with a and ? (a 0 ) does hold, a ? (a 0 ) ? 2 0: (27) Now letting a ! a 0 yields the exact equality ? (a) = 2=a (28) for the critical exponent ? , if the LR tail of the dislocations is relevant at all, i.e. if a < d?" d .
B. RG calculations
In sec. II the discussion could be simpli ed by neglecting uctuations around the ground state that minimizes the free energy. However, in the absence of a special mechanism for the transition like the percolative scenario discussed above the critical behaviour is determined by these uctuations, so the Landau expansion for the free energy can not be used. Instead, we need to consider the full expression for the free energy F of a system with an m{ dimensional order parameter ' i (r); i = 1 : : : m. It is given by F = ?T ln Z (see eq. (20a); for the whole of this section we follow the standard procedures outlined in Ref. 25) (29) Here D' = Q m i=1 D' i denotes the functional integration over the order parameter con gurations. The h i are the external elds conjugate to the order parameter; they are only needed as a source term for the calculation of correlation functions (see below) and are otherwise set equal to zero. The thermodynamic prefactor 1=k B T is absorbed in the parameters of the Hamiltonian density, which is given by the pure part
and the defect contribution
with V (r) = P k V d (r ? r k ) (r k ) as in (1) To simplify notation we have suppressed the spatial dependence ' = ' (r); ' = ' (r 0 )). The bare coupling constants are 0 for the pure term and v 0 ; w 0 for the defect induced terms, which correspond to the two terms in (21) describing dislocation \cores" and \tails". 0 is related to the reduced temperature pure in the undisturbed system via 0 = pure + hV (r)i.
The split of the gradient term and the parameter b 0 are necessary to take account of the anisotropy introduced into the system by the dislocations. The renormalization of this parameter will determine the ratio of the critical indices 6 k and ? resp. k and ? .
In (33) we have neglected higher cumulant terms indicated by the dots in (32) . They contain the order parameter ' to the sixth or higher powers, so they are irrelevant within the framework of the RG (i. e. they go to zero under renormalization). This is why one usually considers Gaussian disorder right from the start. Even for the long{range correlated disorder discussed in Ref. 8 these higher terms were neglected in the de nition of the model. However, in our case with (4) the coe cients of these terms, the integrals over cumulants h Q l j=1 V (r j )i with l 3, may formally be in nite for small values of ; then it is not obvious that these terms remain irrelevant under renormalization. This may be an indication that a more sophisticated treatment is ultimately required for such systems (see the discussion in sec. IV), or it may be seen as a \weak link" in the connection between the model (4) as studied in sec. II and the model (33). Of course, (33) may always be studied as an interesting model in its own right. However, the good agreement of RG results and simulations for systems with similar diverging higher cumulants 27 discussed in sec. IV seems to indicate that the presence of these higher terms in the bare Hamiltonian may be neglected and we still obtain a valid representation of the original model (3). Now we can apply standard renormalization group procedures 25 to H eff . We go over to the momentum reperesentation of the N{point correlation functions 
and then to the 1{particle irreducible vertex functions ? (N) by an appropriate choice of the normalization and a Legendre transform of the generating functional Z.
For the ? (N) the usual perturbation expansions in terms of Feynman diagrams are performed up to one{loop order. These diagrams are essentially the same as those appearing in Refs. 5, 6 and 8, so we will not present them in detail here. One detail worth mentioning is that all the one{loop diagrams with momentum integrations over two defect vertices v or w yield contributions to the dislocation core vertex function ? (4) We will now discuss the xed points of this system. The results can be compared to those found in earlier work: For w = 0 the Hamiltonian (33) and the beta functions (35) describe a system with dislocation cores only. This situation was the subject of Refs. 4{7.
On the other hand, in the limit " d ! 0 the " d {dimensional \dislocations" become point defects, and we recover the isotropic LR model discussed in Ref. 8. 
at the SR xed point (37) given in Ref. 6 . The critical exponent ? at the LR xed point xed point has been determined in (28). 
C. Tensorial defect potential So far we have described the in uence of defects with a single, scalar defect potential V (r) coupled to the order parameter as in (1) . For systems with a multidimensional order parameter, m > 1, a more general form of this coupling is given by
Here V ik (r) = P l P t V (t) ik (r?r l ) t (r l ), summing over lattice sites r l . The V (t) ik (r?r l ) describe single defects of a \type t" at r l , and t (r l ) = 1 indicates the presence of such a defect at r l . The simplest nontrivial form of such a potential will occur for diagonal matrices V (t) ik with t = 1; : : : ; m! (where m is the dimension of the order parameter) that have the m! possible permutations of the V (1) ii as diagonal elements.
Such a tensorial potential has been used to describe defects with several degenerated internal degrees of freedom 29;12 (labeled by the index t). It can also be used to take into account the reduced lattice symmetry in the vicinity of a line dislocation; in this case all the V ik (r ? r l ) should have a radial dependence (4).
This simplest nontrivial form of a tensorial random potential will lead to an e ective decoupling of the uctuations of di erent order parameter components in the critical regime: 29 The defect{defect correlation will be described by a tensor g ik (r) = hV ii (0)V kk (r)i with g ik 6 = g ii . This leads to a split of the interaction terms / P i;k ' 2 i ' 2 k in the Hamiltonian (33) for = ; v; w into two distinct terms / 1 P i ' 2 i ' 2 i and / 2 P i6 =k ' 2 i ' 2 k . At the stable xed point 2 = 0 for all = ; v; w. Our RG calculations have con rmed that this result holds for line dislocations with a tensorial potential with a radial dependence (4), as well. The critical exponents will therefore be those of the corresponding one{component model discussed in the preceding section.
IV. DISCUSSION
For isotropic defects, a 1=r a {correlation will become relevant according to the Harris criterion (25) with " d = 0, i.e. if a < a + = min(2= SR ; d). Here SR is the critical exponent of the undisturbed system if it has p < 0 and the critical exponent at the Khmel'nitskii xed point if p > 0. So for a > a + we would expect the system to be unchanged by the presence of LR correlations, and for a ? < a < a + the RG treatment as presented in sec. III, especially the result = 2=a, should apply. If a < a ? = 2= ( ) ? d the correlations will also in uence the local critical behavior according to the criterion (9), and a transition into an inhomogeneous phase as described in sec. II might occur. Here ( ) is the critical exponent at the temperature considered, e.g. its mean eld value MF if ordered regions appear outside of the critical regime; if any crossover phenomena appear inside the critical region ( ) may only reach the value valid at the asymptotically stable xed point after rst taking on other values corresponding to the xed point(s) that in uence the crossover(s). The percolation picture may be expected to be valid if (9) holds for all these di erent values of ; if ( ) at some becomes large enough to violate (9) the ordered regions may also be destroyed again by thermal uctuations as is decreased even further.
It is interesting to compare these results with those for the related problem of correlated percolation which can be treated in analogy to the WH model: 30 a LR xed point has been identi ed; its stability was in agreement with the generalized Harris criterion (6), and the expression (7) was con rmed by RG calculations to lowest order in" = 6?d and = 4?a. In a numerical simulation of percolation on a two dimensional lattice with LR correlations for the site{occupancy variables of the form (5) with di erent values a < d the results predicted in Ref. 30 were con rmed 27 : for 2 > a > a + = 2= p = 3=2 the correlation length exponent has the same value = 4=3 as for the uncorrelated percolation problem; for 3=2 > a > 1 the result (7) was found to hold. The divergence of higher cumulants of V (r) does not seem to have a visible e ect (compare the discussion after eq. (33) in sec. III). For a 1 deviations from this result were observed that may indicate the appearance of nucleation processes in systems with 0 < a < a ? 1.
The most interesting situation occurs when nuclei of the ordered phase appear above the critical temperature and are not destroyed by thermal uctuations. In the terms of sec. II this implies > 0, and the local relevance criteria (8) and (9) must hold for the critical exponents at the xed point (or points, if the critical behavior exhibits a crossover from one xed point to others as ! 0), i.e. even within the critical region. In this case one needs to perform a RG analysis of the phase transition in a system with a nontrivial ground state which is a solution of the nonlinear Schr odinger equation (14) . It is both spatially inhomogeneous and temperature dependent because of the nuclei of the ordered phase and their growth as the critical temperature is reached. This implies the appearance near p of a new, large \geometric" length scale in addition to the thermal correlation length. The critical behavior will re ect the competition between these two length scales, leading to a rather complicated transition scenario. In addition to all this, the order parameter may have di erent, uncorrelated values in isolated, distant ordered regions, so that many \ground states" with approximately equal energies may appear.
Recently the problem of accounting for a big number of \ground states" has been considered in Ref. 31 for the standard m{component Heisenberg model with weak, SR correlated quenched disorder. In the case pure > 0 (m 4) the replica symmetric xed points familiar from standard (one loop) RG calculations as in sec. III were found to be unstable with respect to replica symmetry breaking potentials. It has been argued that such potentials can occur due to the interactions of thermal uctuations with non{perturbative degrees of freedom coming from the multiple local minimum solutions of the saddle point equation (14) , i.e. from the nuclei or ordered regions considered in sec. II. It takes only the usual, cumbersome but straightforward stability calculations to show that the xed points (41) and (43) are unstable with respect to these replica symmetry breaking potentials, as well. So dislocations with a LR tail may be another example of a system requiring a more sophisticated treatment than just the standard RG procedure, even if a ? < a < a + .
However, the crossover exponents for systems with LR correlated disorder given in (25) are of the order of unity, unlike the numerically small value of for the SR correlated case. So in the LR case the critical regime covers a much wider temperature range. As a new critical regime due to replica symmetry breaking is expected to appear in the exponentially small temperature range 31 u exp(?1=u), where u is the variance of the random defect potential, one can assume that the impurity critical behavior outside of this narrow range is controled by the replica symmetric xed points (41) and (43).
Systems with extended defects leading to LR correlations / r ?a provide examples for the analysis of nucleation processes and the role of the associated geometric length scales. They are easy to visualize and exhibit various interesting features in dependence of the parameter a. Some of these e ects seem to appear in the case of uncorrelated disorder, as well. 32 
